oil contamination with heavy metals has become apparent in many Egyptian areas such as El-Gabal El-Asfer and 10 th Ramadan areas, as a result to the reuse of contaminated water for irrigation as an alternative to freshwater irrigation in these areas. Biochar plays a major role to stabilize heavy metals contained in contaminated soils by reduction. The study aimed studied effect of biochar application rates (0, 15, and 30 ton/feddan) on carrot production, nutrients content and heavy metals reduction using some of measurements to assess heavy metal accumulation as the bio-accumulation (BCF), and translocation factors (TF) to determine heavy metals in the studied soils. The obtained results showed that carrot yield production and macronutrients content (NPK) increased with elevating biochar and mineral fertilizers application rates. Heavy metals content in shoot and roots of carrot plant reduced with increasing application rates of biochar and highest rates of mineral fertilizers. The most effective treatment was 30 ton/feddan biochar with 41 N, 16.9 P 2 O 5 and 41.7 K 2 O kg/feddan, which achieved the highest yield of 12.2 and 13.1 ton/feddan of carrot roots in El-Gabal ElAsfer and 10 th Ramadan soils, respectively, and also it was the highest reduction for heavy metals in comparison with the other studied treatments. Biochar application increased available nutrients (NPK) in both studied soils, and decreased availability of heavy metals in polluted soils. The highest values of BAF were found in the control treatment, while the lowest values appeared with the most effective S
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MATERIALS AND METHODS

Soil Analysis
The soil samples were collected from two sites. In the first site, soils were collected from El-Gabal El-Asfer area within latitude 30 o 13' 5'' N and longitude 31 o 21' 32'' E. The second soils were collected from 10 th Ramadan area within latitude 30 o 24′ 37″ N and longitude 31 o 50′ 4″ E. the soil sample calculated at depth 0-30 cm for the two studied soils. The biochar additives were 0, 1, 3, and 5% for columns experiment. Mineral fertilizers of nutrients (NPK) were added with the ratios of 0, 50, 75, and 100%, according to the sufficient levels for carrot requirements of nutrients doses during different stages of carrot growth simultaneously with biochar additives.
Soil characteristic including the physical and chemical properties for the up mentioned two soils were carried out according to the following methods:
Mechanical analysis was determined according to Piper (1950) , total organic matter content was determined according to Walkley and Black, soil reaction (pH) was determined electrometrically in soil suspension 1: 2.5 using bench Beckman Glass Electrode pH-Meter, total soluble salts were determined in soil extract 1: 2.5, total carbonates content were determined using Collin's Calcimeter, cation exchange capacity was determined according to Jackson (1973) , total heavy metals were detected using the Ionic Coupled Argon Plasma according to Ure (1995) in which 1.0 g dry soil finely ground and moistened with distilled water and heated in 100 ml Teflon beaker in the presence of 10 ml HNO 3 and eventually evaporated to small volume. Afterward, 5 ml HNO 3 , 5 ml HClO 4 and 10 ml HF were added and heated until fumes were produced. After 30 min of fuming, 10 ml HCl (1/1, v/v) was added and boiled for 10 min. The final digest was cooled and diluted to 100 ml using distilled water.
Plant Analysis
Plant samples including shoots and roots were thoroughly washed and dried at 70 o C. Plant samples were wet digested using H 2 O 2 and H 2 SO 4 according to procedure described by Nicholson (1984) . Total heavy metals content were determined using Ionic Coupled Argon Plasma.
Biochar Preparation
Rice straw samples were collected from El-Sharkia Governorate, Egypt. Rice straw samples were oven dried at 105°C until constant weight were achieved, then ground to < 2 mm in diameter. Samples were placed into ceramic crucibles and well covered to provide oxygen limited condition during biochar production. The temperature was elevated to 400°C to ensure the pyrolysis using Muffle Furnace (NEY, M-525, Series II). Biochar was kept at room temperature prior to analysis. Biochar ʼ s pH and EC were determined after shaking suspension 1:10. Ash content was determined using a dry combustion method in which 5 g of biochar was heated at 500°C for 8 h (Song and Guo, 2012) . The crucible was then cooled to room temperature and reweighted. The percentage of ash content was then calculated as follows: Ash content (%) = weight of Ash (g) / weight of biochar (g) X 100
The chemical activation processes were carried out to increase the total surface area of biochar that eventually became close to the commercial activated carbon. This was carried out via immersing biochar in 30% phosphoric acid overnight, and washing it five times using hot water (90°C) until supernatant pH becames 7. Afterward, the biochar was kept dried overnight at 80°C. The dried samples were preserved in desiccators to avoid further absorption of moisture. The scanning electron microscopy (SEM) was carried out on activated biochar at 400°C, activated biochar at 300°C, inactivated biochar samples, and commercially activate carbon using SEM Quanta FEG attached with EDX Unit, with accelerating voltage 30 k.v , (magnification 250x up to 20000 0061nd resolution for Gun.1m).
Soil Column Experiment
The adsorption experiments were carried out in PVC column with an inside diameter 5 cm and 30 cm high. Fiber glasses were installed in the bottom of each column. The columns were prepared in order to obtain four levels of biochar in the El-Gabal El-Asfer soil. Soil alone (B 0 ), which was the control treatment and soil mixed with 1, 3 and 5% of activated biochar at 400°C, indicated B 1 , B 3 and B 5 , respectively. 100 mg L -1 of Pb 2+ was added to each treatment. Soil field capacity was preserved wet and the outlet discharge was collected and re-added again. After 45 days, soil samples were air dried and the concentrations of available Pb 2+ were determined. Regarding the NPK compound fertilizer, it was added with the following ratios; 0, 50, 75, and 100% from the sufficient levels doses for carrot, 200 kg / feddan of ammonium sulfate 20.5% (41 kg N/ feddan), 250 kg / feddan of super phosphate 15.5% (16.9 kg P 2 O 5 /feddan), and 100 kg /feddan of potassium sulfate 50% (41.7 kg K 2 O/ feddan). The biochar application rates for greenhouse pot experiments were 0, 15 and 30 ton/ feddan. The N and K fertilizers were divided into two doses for two stages.
Pot Experiments
The first stage was added after one month from seeds germination and the second dose was added during the carrot heading stage, while phosphorus fertilizer was applied during bed preparation. The outlet leachate was collected and later re-added to the treated soils, to avoid heavy metals and nutrients leaching. Nitrogen, phosphorous, potassium and trace elements were determined according to Page et al. (1982) and Klute (1986) .
The Biological Concentration Factor (BCF) was calculated as metal concentration ratio of plant roots to soil. Translocation Factor (TF) was described as ratio of heavy metals in plant shoot to that in plant root. Biological Accumulation Factor (BAF) was calculated as ratio of heavy metal in shoots to that in the soil (Biljana et al., 2015) . BCF= trace element concentration in plant roots / trace element concentration in soil TF = heavy metal content in shoot / heavy metal content in root. The translocation factor (TF) reflects to the transference of heavy metals in plants (Zayed et al., 1998) .
Statistical Analysis
The average and statistical package were calculated using Microsoft Excel. SPSS was used to calculate the analysis of covariance (ANCOVA). The significance level of the correlation test and regression analysis were set at α=0.05.
RESULTS AND DISCUSSION
Physical and Chemical Properties of the Studied Soils
The soils collected from El-Gabal El-Asfer and 10 th Ramadan area are characterized by loamy sand texture as it mentioned in table (1). The total carbonate content was higher in El-Gabal El-Asfer soil (8.3%) than the 10 th Ramadan soil (2.1%). The same trend was observed with total organic matter and clay contents. This may resulted in increasing the cation exchange capacity for El-Gabal El-Asfer soil than 10 th Ramadan soil. The pH values were almost close to 7 for up mentioned soils. The electrical conductivity for the extractable soil past was 3.9 dS m -1 and 2.2 dS m -1 for El-Gabal El-Asfer and 10 th Ramadan soils, respectively. The total content and chemically exchangeable Fe, Mn, Zn, Cu, Ni, Pb, Co, and Cr are listed in table (1). According to Ghorbani et al. (2002) , the permission level of Pb 2+ in El-Gabal El-Asfer soil exceeds the allowable limits. The total and chemically extractable Pb 2+ was higher in El-Gabal El-Asfer soil than 10 th Ramadan soil. The same tendency was observed with the majority of heavy metals. Ghorbani et al. (2002) . Data in table ( 2) show that pH of activated biochar at 400 and 300°C is less than both of pH of commercially activate carbon and inactivated biochar at 400°C, due to chemical activation process using phosphoric acid. The decrease in CEC of activated biochar at 400 and 300°C is due to increasing competition with hydrogen ions on cation exchange sites. EC of activated biochar at 400 and 300°C is a small value compared with inactivated biochar at 400°C, due to the washing process during preparation. Fig. (1) shows the scanning electron microscopy images for biochar derived from rice straw at different temperatures compared with commercially activated carbon. It is clear seen that the surface structure of activated biochar formed at 400°C seems as crater-like compared with commercially activated carbon. It is confirmed that there is a larger numbers of the macropores of the activated biochar have been formed at 400°C. In addition, a heterogenous range of structural features were observed in those samples. The commercial activated carbon was characterized by semi smooth surface. In contrast, biochar surfaces were characterized by granuler texture.
Effect of Activation Process of Biochar on Some of their Chemical Properties
Regarded to available heavy metal in the El-Gabal El-Asfer soil, the increasing of biochar application rates decreased the available heavy metal in soils. This can interpreted due to heavy metal adsorpted on internal and external biochar surfaces. Table ( 3) shows that extractable Pb 2+ from treated soils was significantly decreased when biochar amounts were increased. Some of other heavy metals in this study took the same trend of Pb 2+ . The above results agreed with obtained by Verheijen et al. (2010) and Montanarella and Lugato (2013) . Regarding soils macronutrients, data in table (4) assure that NPK fertilizers increase the availability of the those nutrients when compared with the control treatment. Biochar application for soils significantly increased the available nutrients in both soils. The best treatment was 30 ton/feddan biochar with 41 N, 16.9 P 2 O 5 and 41.7 K 2 O kg/feddan. The amount of available nutrients increased with increasing rates of biochar and fertilizer application. The increase in available N, P and K in studied soil due to addition of biochar increase active capacity of surface area of studied soils and others nutrients released from biochar for soil. The above mentioned results are in agreement with those obtained by Lehmann et al. (2003) , Liang et al. (2006) , Solomon et al. (2007) and Abebe et al. (2012) . (5) show that the yield parameters of carrot increased with increasing application of biochar and mineral NPK fertilizers in the two studied soils. The yields of carrot plants increased with increasing of biochar soil application rates when compared with control treatment. The treatments of 30 ton/feddan biochar with 41 N, 16.9 P 2 O 5 , 41.7 K 2 O kg/feddan resulted in higher yields values than control treatment.
The most effective treatment recorded higher increases of yield parameters of carrot plant over control treatment by 54.3, 61.1, 58.6, 57.3, 61.3, 59.8, 57.3, 61.5 and 72 .8% for weight of dry shoot (g), dry root (g), total dry plant (ton/feddan), fresh shoot (g), fresh root (g), total fresh plant (ton/feddan), fresh shoot (ton/feddan), fresh root (ton/feddan) and marketable (ton/feddan), respectively, in El-Gabal El-Asfer soil, while in the 10 th Ramadan, it achieved 47.0, 45.3, 45.6, 47.2, 57.4, 53.2, 47.3, 57 .3 and 69.4%, respectively. When comparing the two studied soil for yield production of carrot plant, under conditions of the most effective treatment, 10 th Ramadan soil recorded higher increases of yield parameters about 14.6, 17.1, 16.5, 9.4, 7.2, 8.1, 9.9, 6.9 and 8.1% for weight of dry shoot (g), dry root (g), total dry plant (ton/feddan), fresh shoot (g), fresh root (g), total fresh plant (ton/feddan), fresh shoot (ton/feddan), fresh root (ton/feddan) and marketable (ton/feddan), respectively, than in El-Gabal El-Asfer soil. Increased pollution by heavy elements led to reduction in the productivity of carrot plant, whereas El-Gabal El-Asfer soil was the most polluted. This fact is due to the availability of heavy elements and soil salinity were greater than in 10 th Ramadan soil, and also due to the increase in cation exchange capacity and organic matter compared with 10 th Ramadan soil. The previous results assure that the efficiency and effectiveness of biochar application was the best in 10 th Ramadan soil than El-Gabal El-Asfer soil. This fact is in agreement with the conclusion given by Abebe et al. (2012) and Alghobar and Suresha (2016) .
Effect of Biochar Application and Chemical Fertilizer on Macronutrients and Heavy Metal Content in Shoot and Root of Carrot
Data in tables (6 and 7) show that the average values of N, P, and K content in carrot shoot and root in the two studied soils increased with increasing biochar and fertilizer rates. The most effective treatment (30 ton/feddan biochar with 41 N, 16.9 P 2 O 5 and 41.7 K 2 O kg/feddan) recorded significant increases of nutrients content in comparison with control treatment by 61.1, 64.5, 66.7, 56.5, 76.2 and 62.7% for N, P and K of shoot and root, respectively, in El-Gabal El-Asfer soil, while in 10 th Ramadan soil, it achieved 60.6, 56.9 , 61.1, 62.1, 65.0 and 65.8%, respectively. Under conditions of the most effective treatment, the higher average values of N, P, Egyptian J. Desert Res., 66, No. 2, 327-350 (2016) and K content in shoot and root of carrot achieved in 10 th Ramadan soil than in El-Gabal El-Asfer soil of about 15. 8, 5.2 , 16.7, 20.7, 17 .0 and 29.4% for N, P and K of shoot and root, respectively. The previous results agreed with those obtained by Abebe et al. (2012) . Application of rice straw biochar on polluted soils significantly increased the values of exchangeable bases. The highest values of exchangeable bases observed at biochar treated soils might be attributed to the presence of ash in the biochar, whereas the ash content immediately released of the occluded mineral nutrients like Ca, K and N for crop use. The results of the present study also agree with those obtained by Lehmann et al. (2003) , Rondon et al. (2007) and Chan et al. (2008) .
Concerning the effect of biochar on heavy metal reduction, the heavy metal content in shoot and roots of carrot reduced with increasing biochar application rates (Tables 6 and 7 ). The most effective treatment (30 ton/feddan biochar with 41 N, 16.9 P 2 O 5 and 41.7 K 2 O kg/feddan) achieved the highest significant reduction of heavy metal of shoot and roots when compared with the other treatments in the two studied soils. The superior treatment was higher increases of heavy metal reduction content than control treatment of about 30.9, 22.4, 54.3, 33.4, 56.7,43.4, 56.2, 40.6, 56.8, 54.4, 20.9, 39.7, 34.8, 46 .6, 13 and 29.3% for Fe, Mn, Zn, Cu, Ni, Pb, Co and Cr in shoot and roots, respectively in El-Gabal El-Asfer soil, while it recorded 29.6, 20.3, 69.9, 31.9, 70.1, 26.2, 70, 45.2, 69.8, 58, 45.7, 49.2, 54.8, 55.8, 40 .1 and 44.1% for Fe, Mn, Zn, Cu, Ni, Pb, Co and Cr in shoot and roots, respectively in 10 th Ramadan soil. The above results are due to the important role biochar application to reduce heavy metal in soil, which reflexed on heavy metal conent in shoot and roots of carrot plant. These facts assure by results obtained by Verheijen et al. (2010) , Montanarella and Lugato (2013) and Naz et al. (2015) .
Also, the macronutrients in mineral fertilizers are involved in reducing the level of heavy metals in the soil, this result was due to explanations of Yu-Kui et al. 
Correlation
To substantiate the relationship among biochar addition, soil types and fertilizers that possibly control growth of carrot, correlation coefficients were computed as shown in table (8). The obtained coefficients indicate that biochar is significant positively correlated with K in soil (r = 0.560), P in shoot (r = 0.605) and P in root (r = 0.523) and significant positively correlated with fresh weight for shoot (r = 0.406), dry weight for shoot (r = 0.406), N in soil (r = 0.506), P in soil (r = 0.464), N in shoot (r = 0.457) and N in root (r = 0.457). And soil types is highly significant negatively correlated with K in root (r = 0.566) and significant negatively correlated with fresh weight for root (r = -0.488), dry weight for root (r = -0.403) and significant positively correlated with P in soil (r = 0.506). And fertilizers are highly significant positively correlated with all measured parameters under investigation. 
‫٭٭‬ significant at ᵖ = 0.05; ‫٭‬ significant at ᵖ = 0.01 and -is not significant.
To substantiate the relationship between biochar addition and some heavy metals content in shoots and roots of carrot, correlation coefficients were computed. Table ( (Table 10 ). The coefficient of determination of Mn in shoot was R 2 = 0.768, this means that 76.8% of the variance in Mn in shoot can be explained by the changes in interaction between soil and fertilizer. The remaining 23.2% of the variation of Mn in shoot was due to random variability. It was clear that the concentration of Pb 2+ in shoots and roots were significantly decreased with increasing the application rates of biochar for the treated soils (Fig. 2) . 
‫٭٭‬ significant at ᵖ = 0.05; ‫٭‬ significant at ᵖ = 0.01 and -is not significant. 
Bioaccumulation Factor (BAF) and Translocation Factor (TF) of Heavy Metals in Polluted Soils
Data in table (11) show that the BAF reflects the capacity of plant roots to adsorb heavy metals from polluted soils. The lowest values of BAF were observed in root for some heavy metals, when biochar was added at 30 ton/feddan. This is possibly due to the capacity of biochar to prevent absorption of some heavy metal when carrot was grown in heavy metals containing polluted soils. The biological translocation factor (TF) reflects to the transference of heavy metals in plants in vivo. In general, if TF is higher than 1, the plant will accumulate heavy metals, however the lower values less than 1 indicates preventing heavy metals uptake (Olowoyo et al., 2010) , also the TF for Fe was less than 1, and the same trend was observed with Ni. The TF values trended to oscillate with Zn, Pb, Mn, Co, Cr and Cu, where TF values were higher than 1 (Table 12) . The above results agreed with that obtained by Zayed et al. (1998) and Biljana et al. (2015) . 
CONCLUSION
In the present study, the yield parameters and nutrients (NPK) content of carrot increased with elevating rates of biochar and mineral fertilizers application. Heavy metals were reduced by increasing application rates of biochar and highest rates of mineral fertilizers. The most effective treatment was (30 ton/feddan biochar with 41 N, 16.9 P 2 O 5 and 41.7 K 2 O kg/feddan, which achieved the highest yield of 12.2 and 13.1 ton/feddan of carrot roots in El-Gabal El-Asfer and 10 th Ramadan soil, respectively, and also it was the highest reduction for heavy metals by comparison with the other studied treatments. Biochar application increased available nutrients (NPK) in both studied soils, and decreased availability of heavy metals in containing polluted soils. The highest values of BAF were found in control treatment while, the lowest values appeared with the most effective treatment. The TF value for Fe and Ni was less than 1, while Zn, Pb, Mn, Co, Cr, and Cu, was higher than 1.
